Abstract. The importance of emission inventory uncertainty on the simulation of summertime tropospheric ozone over China has been analyzed using a regional chemical transport model. Three independent emissions inventories, that are (i) emission estimates from the Emission Database for Global Atmospheric Research (EDGAR) for the year 1995, (ii) a regional emission inventory used in the Transport and Chemical Evolution over the Pacific (TRACE-P) program with emissions for the year 2000 and (iii) a national emission inventory used in the China Ozone Research Program (CORP) with emission estimates for the year 1995, are used for model simulation over a summer period. Methods used for the development of the inventories are discussed and differences in simulated ozone and its precursors with these emission inventories are analyzed. Comparison of the emission inventories revealed large differences in the emission estimates (up to 50% for NO x , ∼100% for NMVOC and ∼1000% for CO). Application of the different emission inventories in three model simulations showed minor differences in both surface O 3 in rather unpolluted areas in China and at higher altitudes (500 mbar). In polluted areas, differences in surface O 3 are 30-50% between the different model simulations which seem rather small taking into account the large differences in the emission inventories. Additional sensitivity runs showed that the difference in NO x emissions as well NMVOC emissions is a dominant factor which controls the differences in simulated O 3 concentrations while the impact of differences in CO emissions is relatively small. Although the CO emission estimate by CORP seems to be underestimated, there is no confidence to highlight one emission inventory better than the others.
Introduction
Emission inventories are applied both in policymaking and in scientific research, therefore a variety of emission inventories exist, each with different characteristics (Pacyna and Graedel, 1995) . Since it is impossible to measure each individual emission source on the scale of a country or region, large-scale emission inventories are constructed using an emission factor approach. As a result, emissions inventories are inaccurate representations of the emission that has actually occurred. For Asian emission inventories, this inaccuracy could be large because measurement data on emission factors are often not available resulting in application of emission factors from European or North American studies (e.g. Van Aardenne et al., 1999) .
In the past decades, photochemical air quality models have evolved greatly with advancements, in not only the description of physical and chemical processes, but also the computational implementation, including numerical methods. The lack of knowledge on the accuracy of emission inventories, i.e. emission inventory uncertainty, appears to be a major limitation in the current ability to predict the dynamics of ozone, as well as the impact of control strategies (Russel and Dennis, 2000) . Although modelling studies often claim that assessment of the emission inventory uncertainty is important, it is often not addressed to what extent uncertainty in the emission inventories really matter for the outcome of atmospheric modelling studies. This is a dilemma that often arises in discussion between modellers and the emission inventory community. In order to pinpoint the emission inventory as cause for the difference between model calculations and observations, quantitative information is needed on how much the emission inventory is an inaccurate calculation of the 'real' emission. Although most of the processes leading to emissions are understood, data on these processes (activity data or emission factors) are often not available in the amount of detail required for accurate emission inventory Sources: Olivier et al. (2002) for EDGAR data (EDG), Streets et al. (2003) for TRACE-P data (TRA) and Bai (1996) for CORP data (COR). Sectional information for CORP is not available. a) Industry contains power generation emissions. b) NMVOC emissions have been estimated by using a NO x -NMVOC scaling factor.
construction. Gathering of these data is a time consuming task and in order to decide how much effort should be spent on the construction of an inventory, insight in the extent to which an inventory should be accurate is needed.
In this paper, results are presented of an analysis, which tests the sensitivity of a regional chemical transport model (Ma et al., 2002a) used to calculate summertime tropospheric ozone over China to the uncertainty in the anthropogenic emission estimates of NO x , CO and NMVOC. The principle of this sensitivity run is that three independent emission inventories for China are used while keeping all other model settings (including non-Chinese emissions) constant.
Anthropogenic emission inventories
The used emission inventories are (i) emission estimates for the year 1995 from the Emission Database for Global Atmospheric Research (EDGAR v32; Olivier et al., 1999 Olivier et al., , 2002 , (ii) regional emission inventory used in the Transport and Chemical Evolution over the Pacific (TRACE-P) program with emission estimates for the year 2000 (Streets et al., 2003) and (iii) national emission inventory used in the Chinese Ozone Research Programme (CORP) with emission estimates for the year 1995 (Bai, 1996) .
The inventories are different in (i) year for which emissions are calculated, (ii) level of detail that is included, (iii) information source for emission factors and activity data, and (iv) method of distributing emissions to (1 • ×1 • ) grid cells. The inventories share an important issue: due to the nature of emission factor calculations all inventories are known to be inaccurate representations of the emissions that have taken place in China over the year 1995. The extent to which the inventories are inaccurate is unknown. Furthermore, it is not assessed which inventory is the most accurate one.
The EDGAR v3 emission inventory
The EDGAR database presents a global estimate of several compounds including NO x , CO, and NMVOC for the year 1990 and 1995 (Olivier et al., 1999 (Olivier et al., , 2002 . Emissions are calculated using an emission factor approach and emissions by sector are distributed on a 1 • ×1 • grid based mainly on population maps.
The methodology of EDGAR is described in detail in (Olivier et al., 1996 (Olivier et al., , 1999 (Olivier et al., , 2002 . Activity data by country -and thus for China -were taken from datasets compiled by international organizations which have performed consistency checks on the data. For example, energy data have been taken from the "Energy Statistics of OECD and non-OECD countries" (IEA/OECD, 1997) and industrial production data from "Industrial Commodity Production Statistics database" (UN, 1998) . Applied emission factors are a mixture of emission factors for groups of individual countries based on national or regional studies and global default emission factors when no specific information was available. For China, most emission factors for NO x , CO and NMVOC are global or regional default factors taken from the literature (Olivier et al., 2002 and references therein) . Examples of country specific factors are those for CO and NO x from coalmine fires.
The TRACE-P emission inventory
As input for the TRACE-P project, Streets et al. (2003) have constructed a regional emission inventory for Asia with annual total emissions by country representing emission estimates for the year 2000. Emissions of several compounds, including NO x , CO and NMVOC are calculated on the country level. Chinese emissions are calculated by province. Emissions of NMVOC are further specified into 6 categories.
The data used consist of actual statistical data for the year 2000, model forecasts values based on 1995 values and trend extrapolations from emission estimates for the late 1990's. For China, activity data have been taken from country specific studies. For example, fuel use by sector and province were taken from by Sinton and Fridley (2000) . Emission factors were applied both from studies on China (e.g. vehicle emission factors from Fu et al., 2001) and from global studies (e.g. biomass burning factors from Andreae and Merlet, 2001) . Emissions by sector are distributed on 1 • ×1 • grid cells based on population maps but also on for example road network maps.
The CORP emission inventory
For the CORP programme, Bai (1996) has calculated an emission inventory for China with NOx emissions representative for the year 1992. This inventory has been updated for the year 1995 with CO emissions added. Unfortunately, this update has not been published. NMVOC emissions were not included in the CORP emission inventory. For modelling purposes, Ma et al. (2002a) added NMVOC emissions using a NO x /NMVOC factor based on Berntsen et al. (1996) . These NMVOC emissions of Ma et al. (2002a) are used for the inventory. The NO x emissions have been calculated based on emission factors measured in China (Bai, 1996) . For CO emissions, the source of information is unknown. Activity data have been taken from a variety of information sources on either State, Province and city level (Bai, 1996 and references therein). In general, energy statistics were available on at least the province level and for one fourth of the provinces data was available on the prefecture level. Activity data on industrial processes was taken from Ministerial yearbook publications. The calculated emissions were distributed on a 1 • ×1 • grid by dividing emissions by prefecture area. For grid boxes that contain more than one prefecture, the emission in the grid is averaged using weighted emission values. Fig. 2 . Difference in surface NO x , CO and CH 2 O due to the use of different emission inventories EDGAR, TRACE-P and CORP (denoted as cases B, C1 and C2, respectively). Simulated results with EDGAR are given as reference and the differences are shown with the relative deviations of TRACE-P and CORP to EDGAR. Note that the relative differences are large for NO x in western China due to low emissions and concentrations of NO x in unpolluted areas.
Differences between emission inventories
range from 11 Tg (TRACE-P) to 19 Tg (CORP) with the CORP inventory being about 50-60% higher than both the EDGAR and TRACE-P work. Although the EDGAR and TRACE-P NO x budget are comparable (∼10%), large differences can be seen in sector emissions. For the CORP inventory, no sector information is available. CO emissions range from 10 Tg (CORP) to 116 Tg (TRACE-P). EDGAR and TRACE-P emissions differ by 30% while the CORP values seem unrealistically low. Again, EDGAR and TRACE-P show large sector differences. For example, transport emissions in EDGAR are 1/3 of the TRACE-P estimate while domestic emissions in EDGAR are twice the TRACE-P value. NMVOC emissions range from 11 Tg (EDGAR) to 25 Tg (CORP) with 45% difference between TRACE-P and the other inventories. Emissions by sector between EDGAR and TRACE-P show large differences, except for domestic emissions.
The distribution of emissions ( Fig. 1) shows a common feature between the inventories with low emissions in western China and high emissions in the east. In contrast with TRACE-P and CORP, EDGAR assigns zero emissions to western China (Tibetan Plateau). The distribution of NO x emissions show higher peak values by EDGAR and CORP with more equal distribution values of TRACE-P. For example, the Shanghai region shows value >300 Gg per year in EDGAR and CORP while TRACE-P shows values of 100-200 Gg per year. For CO emissions, CORP shows very low CO values (100-200 Gg in eastern China) in comparison with the >200 Gg values in EDGAR and TRACE-P inventories. As with the NO x emissions, the distribution of NMVOC emissions show higher values in the CORP inventory (200-300 Gg) in comparison with the more equally distributed emissions within the EDGAR and TRACE-P inventories.
As shown above significant differences are observed between the three emission inventories. Based on the available information it cannot be assessed which inventory provides the most accurate emission estimate for the year 1995. In general the following can be stated:
-EDGAR: emission estimates at higher aggregation levels than the other inventories (both budget and grid). However, calculations are representative for the year 1995 and based on international datasets.
-TRACE-P: rather detailed emission inventory, which has used detailed geographical maps to distribute the emissions. However, emissions are not representative for the year 1995.
-CORP: emission calculations at detailed prefecture level in China (budget and grid). Emissions are representative for the year 1995 and emission factors based on local measurements have been used. However, documentation of the inventory is insufficient.
Regional ozone modelling
The model used in this study is a 3-D regional chemical transport model (Ma et al., 2002a) , which is extended from the Regional Acid Deposition Model (RADM) and aimed at studying the distribution and budget of tropospheric ozone and its precursors over China. The model domain covers China with a horizontal resolution of 100 km. In the vertical, the model extends up to pressure levels of 10 mbar for meteorological simulations and to the local thermal tropopause for chemical integration. The meteorological fields for the model run are provided with the Fifth-Generation NCAR/Penn State Mesoscale Model (MM5). The chemical gas-phase mechanism in the model was initially developed by Stockwell (1986) , and modified by updating the rate constants, introducing the effective photodissociation of ozone, incorporating the permutation reactions of organic peroxy radicals, and replacing the lumped NO 3 +N 2 O 5 reaction rate expressions with the explicit ones (Ma et al., 2000) . The revised chemical mechanism was well compared with the explicit NCAR's Master Mechanism using the trace gas concentrations observed at the China regional background atmospheric observatory as model initial conditions. The mechanism was further improved by adding acetone as a tracer into the model and including parameterization of heterogeneous reactions of N 2 O 5 and NO 3 on sulfate aerosols (Ma et al., 2002a) . The model implemented with this mechanism was used for the study of tropospheric ozone over China by Ma et al. (2002a, b) . In addition to updated anthropogenic surface emissions, natural NMVOC emissions, aircraft emissions and lightning NO x sources are taken into account. The initial fields and lateral boundary condition for most chemical traces are provided with a global chemical transport model for ozone and related chemical tracers (MOZART). The three emission inventories have been implemented into the model followed by a sensitivity run for each inventory. The model simulation is performed for a summertime period, 1-15 July 1995 over which the results are averaged and analyzed. While different emission inventories are used for China, the EDGAR inventory was applied for other countries in the model domain in all simulations. Since all other model settings are kept constant, the difference in simulated ozone will be due to various independent emission inventories for China. The model sensitivity has been tested for (i) ozone precursor concentrations, (ii) net ozone production, (iii) ozone concentrations, (iv) validation of the model using Global Atmospheric Watch (GAW) measurements and (v) exceedance of ozone standards.
Ozone precursor concentrations
Figure 2 presents the difference in calculated NO x , CO and CH 2 O for the three model simulations. For illustrative purposes, the model results using the EDGAR emission estimates for China are shown as a base case (Fig. 2a) . The model results using TRACE-P (case C1) and CORP (case C2) are presented as deviations from this reference case (case B). Selection of the EDGAR emission inventory as references is arbitrarily based on the fact that it is widely used in atmospheric modelling. It does however not imply that it is better than the other inventories.
In much of the troposphere, ozone production is limited by the abundance of NO x (WMO, 1995) . In China, most NO x emissions are confined in the boundary layer near the surface (Ma et al., 2002a) , which are mainly from fossil fuel combustion. Figure 2a1 presents surface NO x concentrations calculated using EDGAR. Due to the short lifetime, high NO x concentrations are found in areas with large NO x emissions. High NO x concentrations of 3-9 ppbv are found in the eastern and middle part of China. Low NO x concentrations are found in the western China, notably around the Tibetan Plateau. Peak values of NO x (>9 ppbv) can be seen around the Chengdu, Shanghai and Beijing areas.
The relative differences between the reference case and the calculations using TRACE-P and CORP are shown in Figs. 2b1 and c1, respectively. Large differences in NO x concentrations will be found in areas where emissions are different (see Fig. 1 ). These differences are visible in North China (including Beijing and Shijiazhuang), Northeast China (including Shengyuang and Haerbin) as well as in the Sichuan Basin (including Chengdu and Chongqing) and East China regions (including Shanghai and Nanjing). Both TRACE-P and CORP simulations show up to 200% higher NO x concentrations in the low emission areas in the western and northern parts of China. These differences appear to be larger in western China for TRACE-P, while the CORP simulation results in large difference with EDGAR in Northeast China. In the areas in Central and Eastern China with large emissions, the EDGAR simulation results in 20-100% higher NO x concentrations than TRACE-P and CORP. The difference can be around 3 ppbv or higher which is comparable to the NO x levels in the polluted rural areas of East Asia (WMO, 1995) .
The primary source of CO is estimated to come predominantly from anthropogenic origin. In addition, the oxidation Fig. 3 . Differences in calculated net production of ozone, P(O 3 ), for the boundary layer (BL) and the free troposphere (FT) due to the use of different emission inventories EDGAR, TRACE-P and CORP (denoted as cases B, C1 and C2, respectively). Simulated results with EDGAR are given as reference and the differences are shown with the deviations of TRACE-P and CORP to EDGAR.
of CH 4 and NMVOC provide an important secondary source of CO in the atmosphere (Von Kuhlmann, 2001 ). In the EDGAR simulation (Fig. 2a2) higher CO concentrations (>400 ppbv) are found in eastern China and lower concentrations in the west. Peak CO concentrations (700-900 ppbv) are found in the Chengdu area of the Sichuan Basin, a larger area of North China below Beijing and a small area of East China near Shanghai. While CO concentrations from the TRACE-P simulation are comparable with EDGAR (Fig. 2b2) , CO concentrations from the CORP simulation show values of up to 100% lower in eastern China.
Since NMVOC includes many species that are involved in the oxidation reactions for ozone formation (Atkinson, 2000) , lumped NMVOC species are used for the purpose of simplification and efficient calculation of the model (Ma et al., 2002a) . Therefore, it is not convenient to compare the results with observations or other model studies if the concentrations of total NMVOC are presented. Propeneequivalent NMVOC was used to analyze the relationship between ozone and its precursors in Chameides et al. (1992) . In this paper distribution of CH 2 O are shown. As shown in Fig. 2a3 , CH 2 O concentrations follow the pattern of NO x and CO concentrations (Figs. 2a1, a2 ). In the regions with high emissions the EDGAR and TRACE-P simulations (Fig. 2b3) show comparable concentrations. In low emission areas, the results from TRACE-P show larger CH 2 O concentrations. The difference between the EDGAR and CORP simulations is rather large. The CORP simulations show differences larger 200% in North and Northeast China. Figure 3a shows the net ozone production for the boundary layer (Fig. 3a1 ) and free troposphere (Fig. 3a2) as calculated in the EDGAR simulation. The largest net ozone production values are found in the polluted regions of eastern China, with maximum values of 10-15 ppbv/day. Figures 3b and c show the differences between the EDGAR and the TRACE-P and CORP simulations. In general, the CORP simulation results in higher net ozone production in the boundary layer, especially in North and Northeast China. The largest differences are up to 6 ppbv/day, which is nearly 30-50% of maximum net ozone production estimated for the polluted regions of eastern China (Mauzerall et al., 2000; Ma et al., 2002a) . The EDGAR and TRACE-P simulations differ with higher net ozone production in Northeast China for TRACE-P and with higher values using EDGAR for the Sichuan Basin and East China regions. This difference is relatively small in comparison to the CORP simulation. In the free troposphere (Figs. 3a2, b2, c2 ) the difference in net ozone production is confined to limited regions, but its magnitude is still considerable, reaching to 1 ppbv/day or more in some regions.
Net ozone production

Ozone concentrations
Figure 4 presents simulated O 3 concentrations at the surface (4a1) and at 500 mbar height (4a2) using the EDGAR inventory together with differences with the TRACEP (4b1, b2) and CORP (4c1, c2) simulations. High O 3 concentrations are found in Central east and Northeast China and on the Tibetan plateau where altitudes fall in the middle troposphere. For surface ozone, the differences occur mainly in Northeast China and the East China Sea. Both the CORP and TRACE-P simulations result in ozone concentrations with the difference reaching up to 50% at some locations (e.g. Shanghai area) but in general the differences are less than 30%. Differences in ozone concentration at 500 mbar show a different pattern. Here the differences occur over the Sichuan Basin, East China and its down-stream regions over the sea. This corresponds to the corridor where O 3 is predominantly attributed to photochemistry (Ma et al., 2002b) . The EDGAR simulations show slightly higher values (up to 5%) than the TRACE-P simulation. Results from CORP and EDGAR are comparable, except for the Guizhou area with up to 3% higher concentrations in the CORP simulation.
The reasons for the smaller difference in simulated ozone concentration than in its precursors, for instance, NO x , are complicated. In unpolluted areas (e.g. western China), anthropogenic NO x emissions as well as its concentrations are low, and ozone is controlled mainly by the transport (Ma et al., 2002b) . The differences in NO x emissions as well as its concentrations may be rather larger in relative sense. However, the differences in simulated ozone concentrations are smaller due to rather small fraction of ozone attributed to in situ photochemistry. In polluted areas (e.g. most parts of eastern China), anthropogenic NO x emissions as well as its concentrations are high, and ozone is controlled mainly by photochemistry (Ma et al., 2002b) . Ozone concentrations should be sensitive to the variations in NO x concentrations and thus its emissions. However, the amount of ozone produced per NO x emitted is not linear (Liu et al., 1987; Lin et al, 1988; Trainer et al., 1993) . With NO x ozone production increases at high NO x levels and decreases at high NO x levels, and the NO x threshold is around 1-10 ppbv, depending on NMVOC conditions and so on (Poppe et al., 1998) . Generally, surface NO x levels in polluted areas of eastern China fall in this range (Fig. 2a1) . Therefore, the differences in simulated ozone vary and can be opposite in sign with the differences in simulated NO x (Figs. 2b1, 3b1 and 4b1) . Kasibhatla et al. (1998) estimated that the net ozone production efficiency (OPE) ranges from 2 to 3 ppbv O 3 ppbv −1 NO x in the eastern United States during summer. Assuming a 100% NO x increase at 3 ppbv NO x and 30 ppbv O 3 , the O 3 increase Fig. 5 . Differences in simulated surface O 3 due to the use of different emission rates of EDGAR, TRACE-P and CORP for a specific species while keeping rest the same as those of EDGAR. The simulated result with EDGAR is taken as reference, which is given in Fig. 4a1 . The differences are shown with the relative deviations to EDGAR when TRACE-P NO x , CO and NMVOC (denoted as S1, S3 and S5) and CORP NO x , CO and NMVOC (denoted as S2, S4 and S6) are used, respectively. is estimated to be 6 to 9 ppbv, i.e. 20-30% increase in relative sense. Our results are in agreement with this estimate, indicating that the model chemical mechanism we used is reliable.
To determine whether it is the combination of different emission estimates or the difference in one species that controls the difference in ozone concentrations, additional model simulations were performed which are discussed here briefly. The model sensitivity runs were performed with the scenarios below, where EDGAR emissions were replaced with TRACE-P or CORP for one species. S1: TRACE-P NO x with EDGAR CO and NMVOC; S2: CORP NO x with EDGAR CO and NMVOC; S3: TRACE-P CO with EDGAR NO x and NMVOC; S4: CORP CO with EDGAR NO x and NMVOC; S5: TRACE-P NMVOC with EDGAR NO x and CO; S6: CORP NMVOC with EDGAR NO x and CO.
Differences in simulated surface O 3 due to the use of these scenarios are compared with the reference simulation using the EDGAR emission inventory for all species. Observations (circles, with bars for standard deviations) are also shown for comparison. The geographic position of the stations is given in Fig. 4a1 and denoted by A, B and C for Mt. Waliguan, Lin'an and Longfengshan, respectively.
As shown in Fig. 5a1 , the difference between EDGAR and TRACE-P (Fig. 4a1) is caused dominantly by the difference in NO x emissions, in addition, partly by the difference in NMVOC emissions (Fig. 5c1) . The difference in the CO emission between EDGAR and TRACE-P has little effect on simulated surface O 3 (Fig. 5b1) . The difference between CORP and EDGAR (Fig. 4c1) is caused by the combined effect of difference in the emission of NO x (Fig. 5a2) , CO (Fig. 5b2) and NMVOC (Fig. 5c2) . This effect, however, is not a simple addition of the emission differences but is an effect of the non-linear characteristics of ozone chemistry.
Diurnal variation of ozone at GAW stations
Measurements of ozone and its precursors are sparse in China, especially in the rural areas. Surface ozone was observed at the three WMO Global Atmosphere Watch (GAW) background stations in the CORP programme (Zhou, 1996) . Figure 6 presents the simulated mean diurnal cycles of O 3 at stations Mt. Waliguan (WLG), Lin'an (LA) and Longfengshan (LFS). The location of these stations is shown in Fig. 4a1 with markings A (WLG) , B (LA) and C (LFS). Simulated daily variations of O 3 at the WLG and LA stations do not show large difference between the three simulations. The differences between the simulations and observation are relatively small with a good fit at LA and with some underestimation at WLG station.
As can be expected, simulated O 3 at WLG stations is nearly the same for all three simulations. The source of O 3 at WLG is mainly from long-range transport outside China (Ma et al., 2002b) . The sources of O 3 at LA are both from photochemistry inside and transport outside China (Ma et al., 2002b) . The close agreement between the simulation at LA are due to the small differences in emission estimates for the rural areas of south China and dominating sea winds. Simulated daily O 3 variations at LFS stations show different results. While the CORP simulation reproduces observed O 3 during the day, there is an underestimation for both EDGAR and TRACE-P calculations. Because LFS is in the summer downstream of polluted areas, the emission inventory differences in Northeast and North China might contribute to the differences found at this station.
3.5 Exceedance of ozone standards in selected grid cells As shown in Fig. 4 , differences in simulated surface O 3 are large in North and Northeast China. This could have implications for studying ozone exceedance in major cities in that area. Figure 7 presents the hourly O 3 variation in selected model grid cells where six large cities in North and Northeast China are located. The government of China has set several ozone standards of which the first level standard of 60 ppbv hourly maximum has been applied. Although the size of model grid cell is not small enough to resolve a city, the simulated results can be an indicator of air quality al least for the regions where these cities are. As shown in Fig. 7 , several cities show an exceedance of this standard, especially in the first days of the simulation period. For the city of Beijing and Tianjin, it is clearly visible that the EDGAR simulation does not lead to exceedance of the ozone standard while the TRACE-P and CORP simulations result in exceedance during several days. The maximum difference in hourly-averaged ozone concentration can reach up to 40 ppbv or 100% in relative sense. For the other cities, ozone concentrations rarely exceed the standard, but the relative deviation due to different emission inventories is still high sometimes with a maximum of near 100%.
Conclusions
In this paper the sensitivity of simulated ozone to different emission inventories of ozone precursors has been studied. Three independent emission inventories (EDGAR, TRACE-P and CORP) with emission estimates for NO x , NMVOC and CO in China have been used as input for simulations with a regional chemical transport model (Ma et al., 2002a) .
Large differences were found in the simulated precursor concentrations. For both NO x and NMVOC the EDGAR calculations resulted in lower concentrations in the northern part of China. For NO x these differences are up to 200% while for NMVOC these differences are up to 100% in comparison with TRACE-P and up to 200% with CORP. Simulation of CO concentrations using EDGAR and TRACE-P are comparable with differences of about 20%. The CORP simulation results in significant lower CO concentrations (up to 100%) than the other simulations. These differences are most likely caused by the different CO emission budgets with CORP estimating 5-6 lower CO emissions than the other two inventories.
Although large differences were found in the precursor concentrations and significant differences occurred in the boundary layer net ozone production values, the differences in ozone concentrations are relatively small for a regional ozone model. Differences in surface ozone occurred mainly in North and Northeast China with as well as in the East China Sea. Both CORP and TRACE-P simulations showed higher ozone concentrations than the EDGAR simulations with differences of up to 50% in the Shanghai and Beijing area. For most of the model domain, however, differences are only 5-30%. Differences in O 3 at 500 mbar occur mainly over the Sichuan Basin, North China and its down-stream regions over the sea, with maximum differences of 1-2 ppbv (less than 5%). Application of TRACE-P generally resulted in lower O 3 values at 500 mbar in comparison with EDGAR and CORP.
The results from additional local simulations in which one species from the TRACE-P and CORP emission inventory was mixed with the EDGAR estimates for the other species showed that the difference between TRACE-P and the EDGAR simulations can be attributed mainly to the NO x emission inventory differences, less to NMVOC and not to CO emission inventory differences. Given the discussion above on precursor concentrations, the difference in ozone calculations between EDGAR and TRACE-P are mainly related to the difference in distribution of the NO x emissions. The differences between EDGAR and CORP ozone calculations is less clear and seems to be the combined effect of differences in NO x , CO and NMVOC emissions.
The main purpose of this paper is to discuss to what extent uncertainty in regional emission inventories really matters for the outcome of atmospheric modelling studies.
As far as surface O 3 in rather unpolluted areas and O 3 at higher altitudes (500 mbar) are concerned, the different sim- ulations show that the application of different emission inventories did not result in significant differences. For the higher altitudes, photochemistry and atmospheric transport play a more important role than the variation (uncertainty) in surface emissions. For the unpolluted areas, the relative differences in the emission inventories were found to be large but due to the low emissions values this does not have a large effect on simulated ozone values.
As far as surface O 3 in polluted areas is concerned, the results show that 30-50% differences in ozone concentrations values were found. Maximum differences of 10 ppbv were found in the region where the big cities of Beijing and Tianjin are located. Although the inventories show large differences, regional modelling of ozone shows concentrations within 30-50% which -at first sight -does not seem very large for this type of modelling, especially when the emission inventories show large differences.
For more localized studies, for which the model suitability could be questioned, significant differences were observed. In the area where maximum differences (10 ppbv) were found, ozone levels in Beijing and Tianjin were above the exceedance level in the TRACE-P and CORP calculations while the EDGAR calculations did not lead to exceedance. In this case the difference in emission inventories did matter. In addition, the comparison of the diurnal O 3 cycles with the measurements made at a WMO/GAW regional background station, the Longfengshan station, was dependent on which emission inventory was used for the model calculation.
In the opinion of the authors, a difference of 30-50% in simulated ozone values, between model calculations using either a (i) inventory of high aggregation level with several global default emission factors, (ii) detailed inventory with emissions not representative for 1995 and (iii) detailed inventory of NO x emissions with unknown method for CO and a scaling of NO x emissions to reach NMVOC estimates, is not extremely large. In this perspective the uncertainty in emission inventories does not lead to important different insights and the strain on emission inventories being the limitation in regional ozone modelling seems to be unjustified, especially when meteorological variations or chemical reactions within the model could also lead to large variation in the model outcome.
Finally, a question to be answered is which inventory should be used for simulating summertime ozone in China in 1995? If the measurements at the Longfenshang station in Northeast China are used as an indicator, one should have more confidence in the CORP emission inventory than in the EDGAR and TRACE-P emission inventories. However, given its large underestimation of CO emission values this confidence seems to be misplaced. In general, there is no confidence to highlight which emission inventory is better than the other at the present time. Either a detailed comparison of methodology of the three emission inventories or the availability of more measurements to validate the model result could provide this insight. Unfortunately, this is not possible due to lack of documentation on the CORP inventory and the limited amount of measurement data.
